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Methods and apparatus for der- 
matology treatment are provided which 
involve the use of continuous wave 
(CW) radiation, preheating of the treat- 
ment volume, precooling, cooling dur- 
ing treatment and post-treatment cool- 
ing, of the epidermis above the treat- 
ment volume, various beam focusing 
techniques to reduce scattering and/or 
other techniques for reducing the cost 
and/or increasing the efficacy of opti- 
cal radiaUon for use in hair removal 
and other dermatological treatments. A 
number of embodiments are included 
for achieving the various objectives in- 
dicated above. 
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METHOP ANP APPARATUS FOR dfrmatot mzn ®& M E H£ 

Related Applications 
This application claims priority from provisional specifications 60/046542 filed May 1 5 
1997 and 60/077726 filed March 12,1998, the subject matter ofwhich are incorporated herein 
by reference. 



Field nfrW^,.^ 
This invention relates to methods and apparatus for using optical radiation to treat 
> dermatological problems and, more particular, to such methods and apparatus which require 
reduced energy and/or a lower cost radiation source by the use of continuous wave (CW) 
radiation (as this term is hereinafter defined), heating of the treatment area prior to irradiation 
and/or techniques for enhanced radiation utUization. 

Packgronnd oftheTnv,.^ 

Lasers, lamps, and other sources of electromagnetic radiation, particularly in the optical 
wavebands, are being increasingly utilized for various dermatological treatments and in 
partxcular, for the removal of unwanted hair, spider veins, leg veins, other veins or other blood 
vessels ^^^ib^1 ba ^ a ^^ V( ^^^^^ 
In performing such treatments, it is desirable that the cost for the treatment be kept as low as 
posstble, consistent with achieving desired results, and that risk of injury to the patient be 
minimized. 

Since continuous wave (CW) lasers and other CW radiation sources are typically 
substantially less expensive than pulsed sources of comparable wavelength and energy, for cost 
reasons, it would be preferable to use CW sources rather than pulsed sources for such 
dermatological treatments. However, in order to avoid injury to the patient, the duration of 
energy apphcation to a given area of the patient's skin must be controlled, this generally resulting 
in the more expensive pulsed light sources being used for the various dermatological treatments. 

Further, since the only way to get radiation to areas where treatment is desired, which 
areas are normally in the dermis, is to transmit the radiation to such area through the overlying 
epidermis, some portion of incident radiation is absorbed in the epidermis creating the potential 
for damage thereto. Tnis is a particular problem where melarnn is bemg targeted in the dermis 
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as is for example the case for various hair removal treatments, since there is a substantial 
concentration of melanin in the lower portion of the epidermis at the dermal/epidermal (DE) 
junction. Further, the deeper in the dermis that treatment is desired, and/or the larger the element 
being treated, the more energy must be used, this generally involving the use of a more powerful 
.5 laser or other radiation source and/or operating such source for longer time durations. This 
further increases the potential for epidermal damage. 

Some attempts have been made in the past to scan a CW radiation source, such as the 
laser, over a treatment area, which has been done with the radiation source spaced from the skin 
in order to facilitate movement of the source. However, techniques currently utilized for 
10 protecting the epidermis frequently involve contact cooling of the epidermis and, for certain 
treatments such as hair removal, performing the treatment with pressure applied to the patient's 
skin is also desirable. Irradiation by use of ahead in contact with the skin also permits more 
efficient transfer of energy into the patient's skin, thereby reducing the size of the source required 
for a given treatment energy density and, therefore, reducing the cost of such source. This cost 
15 could be further reduced if the radiation source is not the only source being utilized to heat the 
area under treatment. 

Another problem in performing laser dermatology treatments, particularly when such 
treatment is to be performed over an area larger than the optical aperture of the applicator being 
utilized, is to obtain substantially uniform irradiation over the area so that sufficient radiation is 
20 applied to all portions of the area to achieve the desired treatment, while no portion of the area 
has so much radiation applied thereto as to cause thermal damage to the skin. Such uniform 
irradiation is very difficult with a pulsed source which typically utilize a circular aperture. 
Typically, the procedure followed is to irradiate a spot with a given pulse and to then reposition 
the head to an adjacent spot for irradiation. If the spots do not overlap, there will be portions of 
25 the area under treatment which do not receive radiation and, unfortunately, the radiation output 
.s frequently not uniform over the entire optical aperture, being greater near the center, and less 
at the edges. Therefore, there is generally some overlap between adjacent spots. However, this 
results in some portions of the area under treatment receiving at least a double dose of radiation 
which poses apotential danger of thermal damage in these overlap areas. Substantially uniform 
30 arradiation of a treatment area is therefore virtually impossible with a pulsed radiation source 
utilizing existing techniques. 
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Another problem which increases the energy required from the radiation source utilized 
is that, for existing systems, heating of the target to achieve the desired therapeutic effect is 
accomplished solely by radiation from the radiation source. If the temperature of the target could 
be increased by some type of preheating of the target volume, the amount of energy required from 
5 the radiation source to complete the job would be substantially reduced. However, such 
preheating must be achieved in a way such that the cost of such preheating is not greater than the 
savings achieved by reduced requirements on the radiation source. 

A need therefore exists for an improved method and apparatus for utilizing radiation, and 
in particular optical radiation, to treat various dermatological conditions, which technique reduces 
10 costs and enhances safety by permitting a CW rather than pulsed sources to be utilized, by 
providing substantially uniform irradiation of an area under treatment, which area is larger than 
the optical aperture of the radiation applicator being utilized, by providing a means other than the 
radiation source to at least partially heat the area under treatment so as reduce the energy required 
from the radiation source to achieve the desired treatment, and/or by permitting contact 
15 cooling/preheating for both enhanced epidermal protection and enhanced energy transfer to 
further reduce source costs. 

SUMMARY OF INVENTION 

In accordance with the above, this invention provides a method and apparatus for 
effecting a selected dermatological treatment in an area of a patient's skin which involves placing 
a head having at least one optically transparent channel formed therethrough in contact with the 
patient's skin in the area under treatment The at least one channel has a distal end in contact 
with a segment of the patient's skin, which segment is smaller than the area under treatment. The 
head is moved at a selected rate over the treatment area, which rate is preferably substantially 
uniform, while remaining in contact with the patient's skin and CW radiation of a wavelength 
appropriate for the selected dermatologic treatment is applied through the at least one channel to 
the patient's skin as the head moves thereover. 

For preferred embodiments, at least the portion of the head in contact with the patient's 
skin is of a thermally conductive material and the head is utilized to control the temperature of 
the patient's skin in the area to be treated prior to treatment, during treatment and/or after 
treatment. In particular, the portion of the head which passes over the treatment area prior to 
irradiation may be heated so as to heat the segment of the area under treatment prior to treatment 
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to a temperature below that at which thermal damage to the skin occurs. Alternatively, this 
. portion of the head may be cooled to cool the segment to be treated, or at least the epidermal 
layer thereof, so as to protect this layer from damage. For one embodiment of the invention, the 
poruon of the head in front of the at least one channel through which radiation is applied to the 
5 te ^°tareaisavided^ 

from each other, with the first portion being heated by a first component and the second portion 
bemg cooled by a second component. This results in the preheating of the area or volume to be 
treated andthe cooling of the epidermis above such treatment area prior to treatment. Eitherthe 
opbea. channel itself, or the area around, it may also be cooled so as to cool the patient's 
.0 epuiermis during irradiation, and the portion of the head trailing the at least one optical channel 
may also be cooled to further protect the epidermis. 

Theapparatusmayincludea 
use by an operator to move the head over the area and an indicator ofthe rate of head movement 
The optically transparent channel may be a single elongated channel having a waveguide or lens 
15 extending at least part way through the channel and projecting from the bottom ofthe head For 
at least one embodiment of the invention, this waveguide is cooled during treatment 
Alternatively.theatleastone optically transparent channel niaymclude a plurdity of first optical 
waveguide elements angled at a first angle and a plurality of second optical waveguide elements 
angled at a second angle, with the first and second angles being selected so that light passing 
20 through the first and second optical waveguide elements converge at a selected depth, which 
depth is preferably at the depth in the area under treatment at which the dermatome treatment 
is to occur (also sometimes referred to as the target volume or target). For some embodiments 
ofthe mvention, a recess is formed in a surface ofthe head in contact with the patient's skin 
winch recess is at the distal end ofthe optical waveguide elements. For this embodiment, the 
25 selected depth or target is preferably at a selected location in the recess, and some means is 
provtded for moving skin in the area under treatment into the recess as the recess passes 
thereover. Skin may be moved into the recess by, for example, applying negative pressure to the 

the area wuh the contacting surface of the head in pressure contact with the patient's skin For 
30 an embodiment where the apparatus is a hair-removal apparatus, the recess may be sized so as 
to normally receive a fold ofthe patient's skin which contains one or more hair follicles situated 
along a line generally perpendicular to the direction of movement. 
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For another embodiment of the invention, the transparent channel includes a cylindrical 
lens, which cylindrical lens may be stationary or may be mounted so as to rotate as the head is 
moved over the area. The head may also include a mechanism for measuring the rate at which 
the head is being moved over the treatment area and controls responsive to such mechanism for 
5 determining if the head is moving over the area at a rate within a predetermined range. The 
measuring mechanism may for example be optical or kinematic. Thermal, electronic and 
magnetic measuring mechanisms can also be used. The controls may provide a selected output 
in response to a determination that the head is moving at a rate outside of the desired range, for 
example, an audio or visual indication to the operator, so that the operator may adjust the rate of 
10 movement of the head to be within the desired range. In the event that the head is being 
mechanically driven over the treatment area, the output from the controls could function as a 
feedback control to the drive mechanism. The controls could also be responsive to the measuring 
mechanism for determining if the head is moving at a rate which poses a danger of injury to the 
patient, application of radiation through the at least one channel to the patient's skin being 
terminated in response to a danger-of-injury indication. 

The rate at which the head moves over the treatment area determines the dwell time of 
the radiant energy on each segment of the patient's skin. This rate should be fast enough to 
prevent thermal damage to the patient's skin, but slow enough so that the skin segment under 
treatment receives sufficient radiation to achieve the desired therapeutic effect. Further, for 
preferred embodiments, the distal end of the at least one transparent channel has an astigmatic 
shape, being narrower in the direction of head movement than in a direction normal thereto. This 
permits a relatively large area to be treated at a given time, thereby reducing the time required 
to treat a given treatment area, while providing reasonable control/sensitivity for dwell time on 
a given segment 

While for preferred embodiments, preheating of the skin in the treatment area is 
accomplished in conjunction with the use of CW radiation and movement of the head over the 
treatment area, this is not a limitation on the invention, and preheating of the treatment area is 
also advantageous when employed with a pulsed radiation source. For such applications, 
preheating could be achieved by heating the waveguide or the portion of the head in contact with 
the segment under treatment prior to treatment to heat the skin down to at least to the depth where 
treatment is desired to a temperature which temperature is below that at which thermal damage 
at any depth occurs; and to then cool the surface in contact with the epidermis to cool the 
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epidermis before irradiation begins. This results in the area under treatment having an elevated 
temperature when irradiation begins, thereby reducing the energy required from the radiation 
source. Alternatively, a low energy radiation source, which can be either the same or different 
than that used for treatment, can be used to perform the preheating operation. 

Theforegoingand other objects, features and advantages ofme invention wiU be apparent 
in the following more particular description of preferred embodiments of the invention as 
illustrated in the accompanying drawings. 

Fig. 1 is a semi-schematic perspective view of apparatus suitable for practicing the 
teachings of this invention; 

Fig. 2 is a sectional view of ahead useful for practicing the teachings of this invention 
in accordance with a first embodiment; 

Fig. 3 is actional viewof ahead suitable for practicing the teachings of this invention 
15 in accordance with a second embodiment; 

Fig. 4 is a sectional view of a head suitable for practicing the teachings of this invention 
in accordance with a third embodiment; 

FifrSisaperspecuvesection^ 
invention in accordance with a fourth embodiment; 
20 Figs. 6a-6b illustrate two embodiments of astigmatic transparent channel suitable for use 

in a head of the various embodiments to deliver radiant energy; 

Fig.7isasideviewofaheadmu^^ 
invention in accordance with a fifth embodiment; 

Fig. 8 is a side sectional view of a head suitable for practicing the teachings of this 
25 invention in accordance with a sixth embodiment; ' 

Fig. 9 is a top perspective view of a head suitable for practicing the teachings of this 
invention in accordance with a seventh embodiment; 

Figs. 10a and 10b are a side sectional view and a front view, respectively, of a head 
suitable forpracticing the teachings of this mvention m accordance with an eighm 

Figs. 1 la, 1 lb and 1 1c are a side view, a front view when not in contact with a patient's 
skin, and a front view in contact with the patient's skin, for a head suitable for practicing the 
teachings of this invention in accordance with a ninth embodiment; 
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Figs. 12a and 12b are perspective views of portions of a head illustrating various 
techniques for scanning a radiation source across an astigmatic radiation delivery channel; 

Fig. 13 is a side sectional view of a head suitable for practicing one aspect of the 
invention in accordance with a tenth embodiment; 
5 Fig. 14 is a graph illustrating the relationship between temperature at the basal layer and 

scaiining velocity when practicing the teachings of this invention; and 

Fig. 15 is a chart illustrating the relationship between scanning velocity of the head and 
the maximum temperature of a hair bulb located at a selected depth. 

Fig. 1 6 is a chart illustrating the relationship between power per unit length and maximum 
) temperature of the hair bulb at a selected depth for two different sizes of hair bulb. 

DETATT.1TO ^ ESCRTPTTf Olvt 
Fig. 1 illustrates a general system suitable for practicing the teachings of this invention 
In F lg . 1, an area 1 0 of a patient's skin is shown on which a selected dermatome treatment is 
to be performed. As indicated earlier, the treatment may be for removal of unwanted hair 
tattoos, port wine stains, spider veins or other vascular lesions, etc. Tie patient's skin has an 
epidermal layer 12 and a dermal layer 14, with a dermal-epidermal (D/E) junction or basal layer 
16 therebetween. While some dermatologic treatments may involve heating the epidermis 17 
such as for example skin resurfacing, most dermatologic treatments which involve the use of 
opneal radiation treat a condition located at a selected volume (sometimes hereinafter referred 
to as the target volume or target) within dermal layer 1 4. For example, when the dermatological 
treatment is hair removal, it may be desired to heat and destroy the bulb 1 8 of a hair follicle 20 
While epidermis 12 might for example be 0.01 cm deep, bulb 18 might, for example, be 3.0 to 
5.0 millimeters into theskin. Utilizing the teachings of this invention, a plurality of hairfollicles 
20 may be simultaneously heated and destroyed. ' 

The apparatus of this invention includes an applicator 22 which may be mechanically 
driven, but which, for purposes of the following discussion, will be assumed to be hand operated 
d.e., translated over the skin surface by hand). Applicator 22 includes a head 24 in contact with 
the patent's skin in the treatment area and a handle 26 which may be grasped by an operator to 
move head 24 in for example direction 28 across the patient's skin while preferably maintaining 
contact between head 24 and thepaWs skin. Such contact should be under sufficient pressure 
between the surface of the head and the skin surface so as to, for preferred embodiments, assure 
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good thermal and optical contact therebetween. Such pressure can be achieved by pressing the 
head against the skin, by using negative pressure to press the skin against the head or some 
combination of the two. 

For some embodiments of the invention, a source of optica] radiation 30 is connected to 
5 aKstopipe32,wWchfortheembo 

may otherwise be connected to head 24, to selectively provide optical radiation to the head, 
radiation being applied through the head, in a manner to be discussed later, to the patient's skin. 
Source 30 may be a coherent light source such as a ruby, alexandrite, or other solid laser source 
a gaseous laser source, or a diode laser source, or may be an incoherent light source such as a 
10 flashlamp, fluorescent lamp, halogen lamp, or other suitable lamp. Depending on the desired 
treatment, the radiant energy may be at a single wavelength, with incoherent light sources being 
filtered to provide the desired wavelength, or over a selected band of wavelengths. In the 
following discussion, when it is indicated that radiation is being applied at a selected wavelength, 
tWswiUmeaneifteraringlewa^^ Source 30 m 

15 accordant withpreferred embodiments of this invention is also a CW source which, for purposes 
of this invention shall be defined as either a light source which is producing radiation 
continuously or a pulsed source with a high repetition mte/fiequency, and in particular which has 
a delay between pulses which is less than the dwell time of the head on a given segment. CW 
radiation is defined as radiation from either such source. 
20 While in Fig. 1 source 30 is shown as external to head 24, for some embodiments of the 

invention which involve the use of a diode laser, diode laser bar or other sufficiently compact 
radiation source, the source may be located in head 24, with wires for controlling and energizing 
the source being connected through handle 26 or otherwise to the head. Controls 34 are also 
provided which receive certain information from head 24 over lines 36, for example information 
25 relating to rate of movement of head 24 over the patient's skin, or temperature of the epidermis 
and whichmay send control signals to the head over lines 38 as required. Lines 36 and 38 may 
be part of a cable which is also connected to head 24 through handle 26 or may be otherwise 
connected to thehead. Controls 34may also generate outputs to control the operation of source 
30 and may receive information from the source. Controls 34 may also control selected output 
30 devices 40, for example a buzzer, light, vibrator or other feedback control to an operator or, 
depending on application, may be of other types known in the art 
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Before discussing specific embodiments for head 24 and the manner in which the system 
of ft* 1 may be utUksd to treat various dennatological conditions in accordance with such 
embodnnents, it should be appreciated that maintaining head 24 in good thermal and optical 
contact with the surface of ^^S^^t^^^^y^^^^ 
5 s °--30,whemerloca^ ^ 
number of significant advantages when performing various dermatoiogical treatments First, as 
UKhcated earher, for the same radiation source operating at comparable energy levels, a CW 
souree is almost always substantially less expensive than a comparable pulsed source. Therefore 
meabihVtouseaCWsourcere^^ Second, if head' 

10 ^ovedacrossmesurfaceo^^ 

apphed to the patient's skin at each point along the path of travel of head 24 is substantially the 
same, something which, as indicated above, cannot easily be achieved with a pulsed radiation 
sourc. The head being in good optical contactwith the patienfsskin improves me efficiencies 
ofenergy transfer into the skin, ^^^.rfco.ort-.^,^^ 
15 F ^<hehead24bem g mgoodme^^ 

used to heat the volume in the patient's dermis at which treatment is to occur, for example the 
area of bulb 18 for a hair removal procedure, so as to reduce the amount ofenergy required from 
the radration source in order to perform the desired procedure at this volume, thus further 
' Cueing the cost of such source. Good thermal contact also permits the head to be utilized to 
20 cool the patient's epidermis 12 before irradiation, during irradiation, and after irradiation, to 
protect the epidermis from thermal damage. Applying pressure to head 24 as it is moved across 
the surface of treatment area 1 0 also stretches the skin in the treatment area which can provide 
anumberofadvantages.md^ 

volume, reducing the coefficient of scattering in the skin so that more of the apphed radiation 
25 reaches the target volume and, for hair removal, flattening the hair follicle so as to increase the 
area of the follicle exposed to radiation. All of these effects reduce the amount of radiation 
reouuedfrommesoume.merebyf^^^ 

avanable for measuring/detecting good thermal contact between a head and the patient's skin 
mchadmg the temperature profile detecting technique of copending application Serial No. 
30 6 °/077726 fi ledM*ch,2,^^^ 

Frg. 2 dlustrates one exemplary embodiment for a hand piece 24A suitable for use in 
practrcmg the teachings of this invention. In the discussion of this embodiment, and in the 
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embodin.entstofoUow.thesamereferencenumeralswm ^ 
suffixes will beused for elements which are substantiaUy the same, b« differ ia some particulars 
Hp* the letters 24A, 24B, etc. are used for the various embodiments of handpiece 24. 

Handpiece 24A has three sections, an optical channel 50 which is shown in Fig. 2 as a 
S wave 8^^eamng S ection52wmchpassesovertreatment 

a tramng section 54 which passes over the treatment area after waveguide 50. Optical radiation 
- applied to waveguide 50 through optical fibers 32 (or fiber bundle) or other suitable optical 
transmission components or, as will be ^^1^^^^^^^^ 
may bemcoritact with waveguide 50. Waveguide50 may also berepiaced withalensorother 
» stable focusing or non-focusing optical transmission component (a waveguide, lens or other 
smtable focusing or non-focusing optical transmission component sometimes being collectively 
referred to hereinafter as an "optical channel"), which optical transmission component receives 
Nation from the radiation source utilized through a suitable optical transmission path. Other 
arrangements for getting radiation to optical channel 50 can.also be employed. 

Sections 52 and 54 are each formed of a metal or other material having good thermal 
conduction properties. Sections 52 and 54 may be formed as a single block of a single material 
with optical channel 50 being formed in the block, or, where sections 52 and 54 are to have' 
different temperature profiles, the sections may, as will be discussed later, be two separate 
sectrons of the same or different materials secured together with a layer of thermal insulation 
therebetween. In Fig. 2, a thermal component 56a, 56b, 56c is shown in contact with section 52 
waveguide 50, and section 54, respectively. For a preferred embodiment, each of the thermal' 
components 56 is a thermoelectric element such as a Peltier effect device; however, other 
mechanisms for controlling temperature known in the art, including flowing water, and flowing 
gas or spmyatadesired tempers 

where sections 52 and 54 have the same temperature profile, the same thermal component may 
be used to control the temperature of both sections; however, particularly if thermoelectric 
componentsaxeused.itispre^^ 

oversections52and54soastoachieveasubstan tia llyunifonntemp^ 
sections. 

Fig. 3 shows a head 24B which is substantially the same as the head 24A shown in Fig 
52, wrth a thermal insulation layer 60 being provided between sections 52 and 58. Section 58 is 
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also formed of a metal or other material having good thermal conduction characteristics and a 
thermal element 56d, for example one or more thermoelectric or thermal resistance elements is 
provided in thermal contact with section 58. As will be discussed shortly, section 58 is intended 
to have a different temperature profile than section 52. 
5 For the embodiment of Fig. 2, section 52 may be utilized to either pre-heat or pre-cool 

the patient's skin in the treatment area. For a head 24 moving at a velocity V in direction 28 V 
sometimes also being referred to as the "scanning velocity", and for a length of section 52 to the 
direcuon of movement 28 equal to L„ the time T, during which section 52 is over a segment of 
the patient's skin prior to treatment, and thus the time of pre-heating or pre-cooling, is roughly 
10 directly proportional to L, and inversely proportional to V. Thus, 

r=fl 0) 
1 V 

Since the time it takes for a temperature wave to penetrate to a depth z in the skin is, 

T =il (2) 
* 4a 

where a is the skin thermal-diffusion coefficient (a . 1.5 -10-3 cm Vs). Therefore if these two 
times (T, and TJ are roughly equal, then: 



V 



13 and the desired thermal effect will reach a desired depth z during the period that section 52 
overhes the skin segment Thus, L, and V can be selected so as to achieve the desired thermal 
effect at a desired depth in the skin prior to irradiation. Since, as will be discussed shortly, V is 
also a factor in detennining the duration of irradiation for achieving the desired therapeutic effect, 
L, may be the prime factor in deterniining the depth for the desired thermal effect. For pre- 

20 heating, the depth z is the depth of the volume at which treatment is desired. For example 
refernngtoFig. l,z might be the depth of bulb 18 ofa hair follicle where the treatment is hair 
removal. For pre-cooling, it is generally desired to cool the entire epidermis 12 to DE junction 
16. It is generally undesirable to cool significantly below the DE junction since this may 
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interfere with treatment by having some cooling effect on the treatment or target volume 
Depending on the function section 52 is to perform and the scanning rate V, L, is selected so as 
to achieve the desired thermal effect to the desired depth z. 

Fig. 3 differs from Fig. 2 in that there are two ^-temperature modifying sections 52 and 
5 58. wmthisanangement,se^^ 

volume. Section 52 is cooled and is intended to subsequently cool the epidermis to roughly DE 
junction 16. Since heating performed by section 58 is to a greater depth than the cooling 
performed by section 52, L 4 is shown as being greater than L, in Fig. 3. The combination of 
sections 52 and 58 permits the target to be heated and rerr^ heated prior to irradiation while the 
»o epidermis is protected against thermal damage by being cooled prior to irradiation. 

The temperature profile at the depth z is a function of the initial temperature of the skin 
andofthetemperatureofthesection52,58forhead24B. The length of the segment L, and 
scanmng velocity V are also factors in deterrnining the final temperature at depth z. An estimate 
of skm temperature at depth z can be made using Thomson's equation as follows: 



2 



T -T 



(4) 



15 where T 0 is the initial temperature of the skin, T, is the initial temperature of the segment which 
» assumed for purposes of the equation to be segment 52, For scanning velocities in the range 
of approximately 0.05 to 10 cm/s, and length L of approximately 0.125 cm, desired pre-heating 
to a temperature in the range of + 40»C to + 60'C or pre-cooling of -30'C to + 20°C can be 
achieved. Typically, the epidermis would be cooled to the DE junction to a temperature in the 
20 -5-C to 0"C range. Scanning velocities up to io cm/s should be achievable with contact 
scanmng, but scanning velocities in excess of 10 cm/s may be more difficult to achieve. 

The embodiment of Fig. 3 complicates the determination of appropriate parameters since 
scanty veloci^^ 

be achieved to a desired depth with an L 4 of reasonable size, pre-cooling to the DE junction can 
25 be acbeved with an L, of reasonable size, and the desired therapeutic effect can be achieved 
usmg the radiation source with a given fluence and for a reasonably achievable value of L, This 
« somewhat complicated by the fact that in order to heat deep layers of the skin (Le., greater than 
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3 mm) the scanning velocity should not exceed approximately 0.1 to 0,2 cm/s, while for heating 
ofsubsurface layers of the ^ Oess than 1 mm) me scanmng velocity be up to 2 cm/, Inis 
assumes an L 4 of approximately 5 cm or less. 

Radiation passing through waveguide or other optically transparent component 50 is 
5 ^edtfcoughmeep^ 

have beenpre-heated, in order to achieve the desired mempeuuc effect m determining the time 
dunng whichthe target is irradiated, account must be taken of the fact that, due to scattering in 
thepatient'sskin, the beam width atthe target can be greater than L,, the width of radiation at 
the skin surface, by a value A. ValueI^ + Acanbenunimizedbyfocusmgofmebeam. Thus 
0 ^exposure time T j0 fthe target to CW radiation is given as, 

L, +A ,~ 
r=-2 — (5) 

v 

The target has a thermal relaxation time which is generally a function of its size and of its shape 
It is generally desirable that the time T 2 be roughly equal to the thermal relaxation time of the 
target, assuming destruction of the target is the desired therapeutic effect, since this results in 
maxrmumheating of the target with minimal heating of surrounding tissue. In applications such 
ashauremoval, where it has been found that some damage toasmall layer of tissue surrounding 
me folhcle facititates permanent, or at least more permanent, hair removal, it may be desirable 
for the time T 2 to be slightly greater than the thermal relaxation time of the target In any event, 
for a target having a size or diameter d, the critical velocity at which dwell time on the target is 
roughly equal to its thermal relaxation time is given by, 

(<5) 



where g is shape factor (g=8, 16 and 24 for stratified, cyUndrical and spherical targets 
respectively). Thus, where bulb 18 of a follicle is the target, g would be approximately 24 
Assuring a maximum scanning velocity of 1 0 cm/s, and also assuming a depth z» 3 mm and Lj 
+ A of about 3 mm, equation (6) suggests that the process works best for stratified targets like fat 
layer a tluckness greater than 1 90 M rn,cylmdrica] target 

greater than 270 um, and spherical targets like a hair bulb with a diameter greater than 320 um 
However, since, as discussed earlier, lower velocities would typically be employed in order to 
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achieve pre-heating and/or pre-cooling for section 52, 58, significantly larger minimum target 
volumes are required for the various shapes in a practical system. However, since V c is only a 
guide, and times less than or greater than thermal relaxation time of the target may be appropriate 
in some treatments, treatable target sizes will also vary. Effective pre-heating of the target may 
5 also reduce the required dwell time to achieve a desired therapeutic effect. 

Another concern when employing the teachings of this invention for dermatologic 
treatment is that the temperature rise at the target be sufficient to achieve the desired effect 
Where the treatment being performed is hair removal utilizing techniques similar to those 
described in U.S. Patent No. 5,735,844 issued April 7, 1998, it is necessary to heat the hair bulb 
10 to a temperature of approximately 65'C to 75"C. The maximum temperature of a hair bulb 
undergoing irradiation is given by the following equation, 

6T(<0(i- exp( -_ £__» (7) 

_ X(d\*V « 

v m= c-p-d &YK*&r*T, 

where, 

z is the depth of the bulb 1 8 in the skin 
T 0 is the initial temperature of the bulb before irradiation 
15 a is the size of the irradiate zone inside the skin along the scanning direction at the depth z (as 
previously indicated a=Lj + A) 

c and p are the heat-capacity and density of the bulb respectively 

k(A) is the absorbing ability of the hair bulb and shaft defined by a concentration and a type of 

melanin, and depends on wavelength (is greater for dark hair and less for lighter hair) 
20 tfel) is the radiance inside the skin at the depth z, caused by a light flux of unit power per 

length. It depends on both scattering and absorption inside the skin 
• P is the power per unit length (i.e., equal to the total power applied to the skin surface per width 

of the light beam in the direction perpendicular to the direction of scanning. P is in units of 

W/cm. 

25 t(d) = dVga is a period of thermal relaxation, where d is a diameter of the bulb, g is as previously 
indicated equal to 24 for a hair bulb, and * is the thermal diffusion coefficient of the tissue 
around the bulb. 
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Por the destruction of. hair bulb, X is in arange of 600 - 1200 nm and is preferably in 
a range of 070 - 1 100 nm. la «, rage , ^ ^ ^ , . „ , ^ ^ fa 

wavelength. *fc X) to «, ^ ta»*» lh|lhlllrtl ^ 
aba scanning properties aad deceases with depth. At a depth of 3-5 rem where a hair balb in 
5 * anagen sage is typically locate. On, valaa, whiah ia aomeflmes refened to aa radiance 
adanaatian.iainttrarengaofO.l-O.S. Thisvaluemay be signiflcanfly iucmased where focusing 

.^arebedaaarib^IarerareaaeclWirefocurreg.re.reflecdoncoeto 

dr. ahn can be 20% - 70%. Further, reflection of light scattered flom dre akin bant into h by 

tunes. Thus, the devices of this invention can allow i|r(z, X) to be increased to 0 S - 1 
From the above, it can be seen dun, once dre geometry of the systems has been selecred 
dr. temperatiue a, dre bulb ia direcdy proportion* re dre applied power P and is inv^ 
proportional to dre vdoc«y V in a more complex way. Fig ,5 Musdates dre dependence of 
nunomum temperature a, a hair bulb on scarering velocity V for typical parameters. The owve 

Frg. 15, is seen drat a. low scanning velocities, T„ does not depend on scanning velocity and 
is equal to 



T m =±™±£ +r ( 8 ) 



When the scanning velocity exceeds 



v m (9) 
3-d 2 



temperature T B starts to decrease. 
» ^ Vi!l ^V.,meaverege,,mpe^o^ 

changing velocity, bu, adecdvhy of thermal damage decree. Tlrea, by decreasing the veiochy 
of scanning, i, fa ^ to ^ fc ^ rf fc ^ rf ^ ^ ^ ^ ^ 

bulb. Maximum scaling velocity depends on dre hair bulb dimension and decreases as the size 
of dre follicle increase Fig. ,6 shows tire dependence of T„ for a hair bulb on the power 
* perumrlengmP. Fo, a treatment period of less than 1 second, denaturiaation of protein 
struaurea is observe a. tempemture exceedmg 65-C. From Fig. 16, H ia see* dre. maximum 
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t e mperatureT m atahair bulb is also a function of the power P per unit length. For a treatment 

of less than 1 second, denaturization of protein structures is observed to occur at temperatures 

exceedin g 65'C. Fig. 16 also illustrates that the power required to cause thennal damage in a hair 

bulb ,s mversely proportional to the size of the hair bulb (i.e., thermal damage is caused at a 

5 lower power for a large bulb than for a small bulb). 

Thus, for hair removal, and reganlless of the embodiment utilized, the following 
parameters would apply: 

1. Wavelength: 600- 1200 nm; 

2. average powerper length unit: 5-150 W/cm; 

10 3. width ofbeam along direction of scanning: 0.05 -5 mm; 

4. scanning velocity: 0.01 -10 cm/s; 

5. temperature of cooling: -20°C - +30°C. 

For preferred embodiments, optically transparent section 50 is also cooled by thermal 
.5 ele ™*(^^ 

durmg irradiation. This cooling effect is also a function of the scanning velocity and is 
particularly critical where irradiation used is of a wavelength which preferentially targets 
melamn, as is for example the case for certain hair removal treatments. Since there is a high 
concennauono^^ 

optacally transparent element 50. The maximum scanning velocity at which the eooling effect 
becomes noticeable for a given depth z is given by, 

V - 4 ' L >" (10) 



z 2 



25 



Whe* epid^is 12 to be cooled has a thiols of approximately ,00 pro and Ore ..ngmL, is 
approximately 1 mm, V„=6 cm/s. 

- Further, as tadica^ earlier, the pressuro applied ,o m. ski, by head 24 in general, and 
by the skin^nracnog surface of element 50 in particular, has anurober of advances, Muding 
■mproving me optical transmission (i,„ redocing scattering) for radianon passing thro„gh the 
*n. The head moving in the dirocdon 28 over area , 0 of me akin also arches the skin in the 
dnecnon of scanning rosuldng in an -ddWo-rt increase in akin transmission and tar the depm 
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of electromagnetic wave penetration into the skin. Further, when the target is for example a hair 
follicle, the stretching of the skin turns the follicle to cause the radiation to impinge on a larger 
portion of the follicle and brings the follicle nearer to the skin surface. 

Section 54 continues to cool the epidermis after irradiation to further guard against 
5 potential thermal damage to the skin. Unlike lengths L„ L, and L, which are fairly critical, the 
length L 3 is not critical. The purpose of this section is to assure that the epidermis is not 
overheated and, if the prior sections are effective in keeping the epidermis temperature down, 
section 54 may not be required. 

Since it is generally desirable to decrease the time element 50 is over the target, it is 
10 generally desirable that I, be kept small. However, in order to achieve more rapid treatment, a 
significant beam aperture is desirable. Ibis suggests that the dimension of the beam 
perpendicular to the direction of movement should be relatively large, resulting in an aperture for 
the skin contacting surface of element 50 which has an astigmatic shape, which shape may also 
be asymmetric. Fig. 6 illustrates two such shapes, namely an oval 66 (Fig. 6a), and a series of 
15 adjacent light pipes 76a, 76b as shown in Fig. 6b, the light pipes of Fig. 6b being discussed in 
greater detail in conjunction with Fig. 4. These shapes are just examples of astigmatic shapes for 
an optical aperture, and many other astigmatic shapes are within the contemplation of the 
invention. 

• 

^ Further, in order to deliver the radiation to a significant depth (i.e., greater than 1 mm) 

20 efficiently, large diameter beams are generally required to overcome the effect of scattering. 
With astigmatic beams of the type shown in Fig 6, it is therefore desirable that focusing of the 
beam in a direction perpendicular to the direction of scanning be used One way of achieving this 
is through use of a cylindrical lens 70 such as is shown in Fig. 9 which lens has a small radius 
of curvature (for example less than 10 mm). However, such focusing can perhaps be better 

25 achieved through use of a head 24C such as that shown in Fig. 4. This head has a section 52 
which functions in the same way as section 52 of head 24A to pre-cool or pre-heat the area under 
treatment Section 52 is separated from a section 72 of the head by a layer of thermal insulation 
material 74. Section 72 is also formed of a metal or other material having good thermal 
conduction properties. Two rows of micro-optic elements 76a and 76b are provided which 

30 extend through section 72 and are angled so that their focuses are combined along a common line 
located at the target depth. Microlenses may be included at the distal ends of elements 76 to 
enhance focusing. This technique allows the beams to be targeted into the skin at angles greater 
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and can be achieved using optical systems and more effectively compensates for the scattering 
of radiation inthesldn. Section 72 would be cooled, preferably by a number of thermoeleetrical 
elements 56b, so as to provide both pre-cooling of the epidermis prior to irradiation, cooling of 
meepidermisdunngina^ Section 72 can thus perform 

5 thecooling functions ofseetions 50, 52 and 54 of for example the embodiment of Fig 2 Thus 
for this embodiment of the invention, section 52 can be used asap^heaterorcanbeehminated.' 

Fig. 4 also illustrates some additional features. First, it shows an optical channel 78 
winch can be connected to a suitable detector in controls 34 for detecting the scan velocity of 
head28. Other techniques which will be discussed in conjunction withFig. 10 may also be used 
10 forperfonningmisfunction. Detecting scan velocity permits controls 35 to operate output 40 
if the scan velocity is detected to be outside of desired ranges so as to alert the operator so that 
the rate may be increased or decreased as appropriate. For example, the output may be a red or 
agreenhghtonsomeportion of applicator 22 or a console associated therewith, might be a voice 
or buzzer or other audio alert to the operator, might be a vibrator in the handle 26, or might be' 
15 someomerappropriatewanungtotheoperator. In me event the rate is detected as being so slow 
(or even no movement at all) as to present a potential danger of injury to the patient, controls 34 
might also deactivate source 30 so as to protect the patient. 

One problem with radiation treatments is that a significant percentage of the radiation 
apphed to the skin is reflected back or backscattered by the skin and lost. Various schemes have 
20 been proposed in the past for retroreflecting such radiation back into the skin, including for 
example putting some type of reflector in section 50. Sections 52 and 54 might also have a 
reflective coating on their skin contacting surfaces to reflect such radiation back into the skin. 
Secuon72isparticularlyu^ 

section may be formed of highly reflective material, or have a highly reflective coating formed 
25 thereon. By redirecting most of the radiation back into the skin, the intensity of radiation inside 
the skin can be increased 1 .2 to 2.5 times. 

Fig. 5 shows a head 24D an embodiment of the invention which differs from that shown 
in Frg. 4 only in that there is a recessed channel 84 formed in skin-contacting surface 80 of 
section 72, and that optical channels 76a and 76b terminate on opposite sides of channel 84 with 
30 the* focal point teix^ a 
hose 86 is connected at one end to the top of channel 84 and at the other end to a source of 
negauve pressure. As head 24D moves in direction 28 across the patient's skin, folds of the 
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padenfs ski. arc dm™ into chamnel 84. The si2e of .w, M fa snch ^ fc • 

> mctaded in d,. m of skto drawn inm cbamae, 84 andis teadiated from ^ by radialion 
apphed to opW channels 76. For example, if head 24D is being used for hai, ctalnel 
84magh,be 1 to 6 millimeters wide and 1 to 6 millimeters deep, a size winch would generally 
5 rean., in ft. fold having only a sing., hah fofficle in ore plane ahown in ft. figure, altogh 
rnnWple hair follicles may be in the channel atong ha long dmacmdon. The configuration of Fig 
5 has aeveral advamagea. Fna, ft redncea ft. distenc. <br radiauon to raach tesg., and mora 
afifeenvely focnaea radiation on ft. Urge,. if ft. challnel „ fomed „ „ 

reileefive materia., ft. wafia of channel 84 reflee, anbafcnnally all of ft. radiauon leaving ft. 
10 skmback i„ to the fold, providing for vny efficient iaradiafion. 

WhiletoFig. 5i ,iaaaanmedteaa».conn«caitoavac„utoorod,eraonrceofn=gadve 
prcaauae ia nfilized to draw a fold of akin into channel 84, a bellows or ofter snftable machanisra 
conld also bo muted for drawing ft. skin into ehanne, 84 or. as ahown in Fig. 7. a head 24E 
cou.d be provider, having a channel 84' fonncd in a body 72' of a daedal conductive materiat 
winch channel is shaped so to, a fold of skin 90 which fa**.*. ,^ e( n „ felced to[0 
channel 84' asheed 24E la mover, induction 28 over*, pafienf salon. Successive folds of me 

patient's skin would be pushed into channel R4' « a 

V ° cnannel 84 & 016 head moves so as to provide substantially 

unrfbnn hradiation of me skm in tinamran, araa .0. Excep, d B „p r e-hea,ea section 52 is no, 
-haded, me embodimen, of Fig 7 wonld otherwise operate in subsrantiauy the same way as in 
20 ^^dta^ofFigSandwomdaaToadsobstandanymeaamesdvanbages. 

r *«^>^MF^mfite^m« I »e^d e «^„m«htofcur 
aau of optica. CannCs 76, channel 76a, 76b, 76c, and 76d, which for mis embodimen, aae 
raerely Ugh, pafts ftaough a hnnaparan, Mock o, air, each of which is fed by a corresponding 

. fl ^ te ™ve g ulde S 32..324r^ve^.AHofme^cta^7 6 «^ed s . iB toh. 
S ° bS,an,!a115 ' ^ « ^ a *** «■ Body 72" is curved ,0 ftcite ft. piemen, of 
channels 76 and also has a raflccting top surface 93. to addition to component previously 
mentioned, Fig. 8 adso inctodea a line 94 leading fimn a momocouple or o,her sunab.. 
temperate. s.nsor mounted close to surface 80 or in surface 80. Tempeaamac sensor line 94 
cornaec* to controls 34 and may be utitized to cnfiol cpidoama. ..mperatoaes or for other 
30 suitable purposes. 

Fig. 9 shows still anodaer emltodhnen, of me i»v.ntio„ which, as praviously Mcattd 
utibzes a cyfindrica, ,ena 70 having a .ransparen, window 96 agains, which is mounted a 
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radiation source 98, which may for example be a laser diode bar, a lamp with a reflector, or other 
radiation source which is small enough to be mounted in the handpiece. A reflection plate 100 
is provided to perform the retroreflection function for back scattering light Fig. 9 also shows a 
kinematic motion sensor 102 which may either supplement optical motion sensor 73 or may be 
5 used in lieu thereof Kinematic motion sensor 102 may for example be a wheel which turns as 
cylindrical lens 70 is moved over the skin surface to provide a signal to controls 34 indicative of 
scan velocity. Temperature control element 56 is shown as being in contact with both lens 70 
and reflection plate 100 so as to cool both elements, thereby providing both pre-cooling of the 
treatment area and cooling during irradiation. There is preferably a second element 56 on the 
10 opposite side of cylinder 70 in contact with plate 100 on the trailing side of the lens which is 
operative both to further cool the lens and to cool reflection plate 100 and the portion thereof 
trailing the lens to provide post-cooling. As indicated previously, cylindrical lens 70, 
particularly if it has a relatively small diameter, for example of less than 20 mm, is also operative 
to focus the radiation at target 92 and partly compensate the scattering effect of skin. Except as 
15 indicated above, the embodiment of Fig. 9 operates substantially the same as the prior 
embodiments to provide scanned CW dermatologic treatment. It should also be noted that, while 
Fig. 9 is the only embodiment showing the radiation source 98 located in head 24 as opposed to 
the radiation being applied to the head from an external source 30 through optical leads 32, an 
externa! source 30 or an internal source 98 for the head is interchangeable for all embodiments, 
20 so that any of the prior embodiments may have an internal radiation source 98 in lieu of the 
arrangement shown, and the embodiment of Fig. 9 may have an external radiation source with 
optical leads 32 impinging on transparent window 96. For an embodiment such as that shown 
in Fig. 8, a separate laser diode bar or bars 98 might for example be provided for each of the 
optical channels 76a-76d. 
25 Figs. 10A and 10B show still another handpiece 24H suitable for practicing the teachings 

of the invention. This handpiece differs from those previously shown in that rather than radiant 
energy being applied directly to the optical waveguide, lens or other transparent component 
through which radiant energy is applied to the patient's skin, optical lines 32 terrninate in a cavity 
106 formed in a body 108 of copper or of some other material having good thermal conduction 
30 properties. The walls of chamber 1 06 are polished, coated or otherwise treated to have highly 
reflective, and preferably totally reflective, surfaces. The advantage of the configuration shown 
in Fig. 10 with chamber 106 is that radiant energy enters cylindrical lens or astigmatic 
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microobjective 70' at a variety of angles which can be focused by the lens/microobjective to the 
desired depth in the skin, the focusing action being more efficient when the light enters the lens 
at a variety ofangles than at a single angle. Cylindrical lens 70' may be mounted in body 108 
either rigidly, as for the embodiment of Fig. 9, or may be mounted for rotation in the body. 
5 Rotation of the lens facilitates movement of the head over the patient's skin, but prevents the 
desired stretching of the skin. However, a rotating lens is within the contemplation of the 
invention. Thermal elements 56 cool body 102, resulting in both pre-heating, cooling and post- 
cooling of the epidermis and also resulting in the cooling of cylindrical lens 70' which cools the 
epidermis during irradiation. Body 1 08 a has reflective sWn-contacting surfaces 80 to retroreflect 
10 backscattermgUghtfrommepanent'sskin. Fig. 10 aJsomustrates kinematic motion sensor 102 
and a thermocouple or other suitable temperature sensor 94. Except for me differences discussed 
above, the embodiment of Fig. 10 functions substantially the same as the embodiments v 
previously discussed. 

Figs. 1 la-1 lc illustrate still another embodiment 241 for the head With this embodiment, 
15 cylindrical lens 1 12, which for example is formed of sapphire, is treated to normally have total 
internal reflection so that light or other radiation entering the lens-through optical line 32 is 
reflected through the lens and exits through optical lines 32'. However, when lens 1 12 is in 
contact with the patient's skin as shown in Fig. 1 1 c, the total internal reflection at the skin- 
contacting surface is broken due to the change of index of refraction at this surface so that light 
20 energyiseminedrrommelemktomepatient'sskin. The use of the total internal reflection lens 
1 12 of Fig. 1 1 is a safety feature which assures that radiation is not applied to a patient or other 
person unless handpiece 24 ism contact wim a patient's skm in the area to be treated. Exceptfor 
this difference, the embodiment of Fig. 11 functions in the manner described for previous 
embodiments and components such as a housing for pre- and post-cooling, a chiller for the lens, 
25 motion sensors, etc. of prior embodiments might also be used with this embodiment 

While for the embodiments of the invention described so far radiation energy is applied 
in parallel along the length of the head during irradiation, Figs. 12a and 12b illustrate 
embodimentsofmeinventionwherehghtisrapidlyscanned. In Fig. 12a, radiant energy applied 
to the head over a line 32 impinges on a deflector 1 20 which is oscillated at a rate such that the 
30 impinging radiation is scanned in the direction indicated by arrows 122 at the rate previously 
indicated across a cylindrical lens 70". InFig. 12b, the impinging radiation 32 is also applied 
to an oscillating deflector 120 which scans the beam into optical fibers 124. Each optical fiber 
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termiruuesmamicrolens 126 mounted in a plate 128 of a highly thermal conductive material. 
Plate 128 also preferably has a highly reflective skin-contacting surface 80. So long as the scan 
rate of deflector 120 is high enough, the radiation outputted from cylindrical lens 70" or 
microlenses 126 is CW radiation as this term has been previously defined, and this system 
S operates substantially the same as for previous embodiments. Again, for purposes of simphfying 
the drawings, elements such as thermal elements 56, motion sensor 78 and 1 02, and temperature 
sensors 94, are not shown in Figs. 1 2a and 12b. 

Fig. 13 is included to illustrate thatpre-heating of the treatment area, while more easily 
facilitated with the CW embodiments heretofore described, is not limited to such embodiments 
and may be utilized with a standard pulsed head of a type used in some prior art systems. In Fig. 
1 3, radiation, which may be pulsed radiation from a source SO, is applied trough optical lead 32 
to an optical waveguide 50 having thermal elements 56 in contact therewith. Waveguide 50, 
having a focusing skin-contacting end 132, is mounted in a suitable housing, a portion 130 of 
which is shown in the figure. Thermal elements 56, which are thermoelectric elements, for the 
embodiment shown, but may be other type of cooling, may be operated to heat waveguide 50 for 
a time interval sufficient to heat the skin to the depth z of the target. Either the same or a 
different set of thermoelectric elements 56 may then be operated to cool waveguide 56 for a 
duration sufficient to cool epidermis 12 to the DE junction 16, at which time source 30 is 
energized to apply radiation through waveguide 50 to the target. Cooling of waveguide 50 
continues during this period to maintain the epidermis at a desired temperature during irradiation 
and the cooling of waveguide 50 may be contained for some period of time after irradiation 
terminates to further protect the patient's skin. Further, while preheating has been shown and 
described above followed by epidermal cooling, and for many applications this is clearly 
preferable, it is also within the contemplation of the invention to do preheating without 
subsequent cooling. Head designs such as those shown in Figs. 2, 4, and 5 (either with or without 
portion 52, and generally without), 8-12, might also be used when operating in apulsed mode. 
Operation with these heads in a pulsed mode could be similar to operation in a CW mode except 
that movement of the head would be stepped rather than continuous. 

While a number of embodiments and variations thereon have been described above, it is 
apparent that these embodiments are for purposes of illustration only and that numerous other 
variations are possible while practicing the teachings of this invention. For example, while in the 
discussion above it has been assumed that head 24 is manually moved over the treatment area, 
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this is not a limitation on the invention and various types of mechanical scanners could also be 
utbzed, either alone or in conjunction with manual contml. Further, while optical and kinematic 
movement measuring mechanisms have been shown, suitable thermal, electronic and magnetic 
movement measure mechanisms could also be used. Controls 34 would function to maintain the 
requued scan velocity for such scanner. Thus, while the invention has been particularly shown 
and described above with reference to preferred embodiments, the foregoing and other changes 
m form and detail may be made therein by one skilled in the art without departing from the spirit 
and scope of the invention which is to be defined only by the appended claims. 



10 area 
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CLAIMg 

including: 

a soure. of ooatfauou, ^ve (CW) ^ „ , fc ^ ' 

dermatologic treatment; and 

ctond having aproximal end connecud to recdve CW Nation front said source and a dfahU 



2. ApForet* as claimed in cfaim . "te^Aoheadhasaporlonwhiobmovosovoro^h 
success segment of said area before said a, feas, one optica, channel, which portion is of a 
fan* conducive mafcrial; and including a rhctma. compote, which carols the 

15 '^^ofsaidponion.andteoftheskinareapriortotreatment. 

3. Apparatus as claimed in clahn 2 wherein said component cools said ponion of th. head 
and thus cools the skin area prior to treatment. 

» 4 Ap ^ te ^^-claim2wh=r.msaidcon^ne«heat S mepo n io„ofmohcad 
and thus heats the skin area prior to treatment 

5. Apparams as ciaimed m ohrim 2 wherein said portion of the bead is divided into a first 
ponton and a second portion which are thennaU, insnhted from each other, said firs, porrion 
betng ahead of said second portion, and wherein said component has a firs, component which 
^^^Porton^.seeondcompm^twhJcheoobsaidseoondp^ 

6 Ai'^-^eomoWmlwheremsaidheadincmd^aportionwnichmovesover 
each successive segment of said are. after said optically tmnaparen, channel, which portion fa of 
a ftennaUy condtrtv. marerial, and mchsd^ 
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7. Apparatus as claimed in claim 1 including a handle projecting from said head suitable for 
use by an operator to move the head over the area, and an indicator of the rate of head movement 

8. Apparatus as claimed in claim 1 wherein said at least one optically transparent channel 
.ncludes a single elongated channel having an optical channel extending at least part-way through 
the channel and projecting from the bottom of the head. 

9. APP^tus as claimed 

the cooled optical channel removing heat from the skin in said area under treatment as said 
10 opucal channel, in thermal contact with the skin, passes thereover. • 

10. Apparatus as claimed in claim 1 wherein said head is formed to enable an operator of the 
apparatus to apply at least sufficient pressure to the head as it contacts the skin to assure at least 
on of good thermal and optical contact between skin-contacting surfaces of the head and the 

15 patient's skin in said area. 



1 1. Apparatus as claimed in claim 1 wherein said at least one optically transparent channel 
includes a plurality of first optical channels angled at a first angle and a plurality of second 
optxcal channels angled at a second angle, said first and second angles being selected so that light 

20 passing through the first and second optical channels converge at a selected depth. 

12. Apparatus as claimed in claim 1 1 wherein said selected depth is at a depth in the area 
under treatment at which the dermatological treatment is to occur. 

25 13. Apparatus as claimed in claim Including a recess formed in a surface of the head in 
contact with the patient's skin, said recess being at the distal end of said optical channels, said 
selected depth being at a selected location in said recess, and including means for moving skin 
m said area under treatment into said recess as the recess passes thereover. 

30 14. Apparatus as claimed in claim 1 3 wherein said means for moving skin into said recess 
includes a source of negative pressure connected to said source. 
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15. Apparatus as claimed in claim 13 wherein said means for moving skin into said recess 
includes said recess being shaped to force successive folds of skin therein as the head is moved 
over said area with said surface of the head in pressure contact with the patient's skin. 

5 16. Apparatus as claimed in claim 13 wherein the apparatus is a hair removal apparatus, and 
wherein said recess is elongated in a direction perpendicular to the direction in which said head 
is moved and is sized so as to normally receive therein a fold of the patient's skin which contains 
several hair follicles extending in the elongated direction. 

) 17. Apparatus as claimed in claim 11 wherein said head has a portion in contact with the 
patient's skin in segments thereof receiving radiation, and including a thermal component which 
cools said portion of the head. 



18. Apparatus as claimed in claim 1 wherein said transparent channel includes a cylindrical 
lens. 



19. Apparatus as claimed in claim 18 wherein said cylindrical lens is mounted to rotate as 
said head is moved over said area. 



20. Apparatus as claimed in claim 18 wherein said lens is treated so as to normally have total 
internal reflection, said total internal reflection being broken at a surface of the lens in contact 
with a patient's skin. 

2 1 . Apparatus as claimed in claim 1 including a mechanism for measuring the rate at which 
said head is being moved over said area. 

22. Apparatus as claimed in claim 21 including controls responsive to said mechanism for 
detaining if the head is moving over said area at a rate within a predetermined range and for 
providing a selected output in response to a determination that the head is moving at a rate 
outside of said range. 
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23. Apparatus as claimed in claim 21 including controls responsive to said mechanism for 
determining if the head is moving at a rate which poses a danger of injury to the patient and for 
terminating the application of radiation through said at least one channel to the patient's skin in 
response to a danger-of-injury indication. 

5 

24. Apparatus as claimed in claim 1 wherein the distal end of said at least one transparent 
channel has an astigmatic shape, being narrower in the direction of head movement than in a 
direction normal thereto. 

) 25. Apparatus as claimed in claim 24 including a mechanism for scanning said CW radiation 
across said at least one transparent channel. 



a 
a 

cause 



26. Apparatus for effecting a selected dermatologic treatment on a selected volume of 
patient's skin located at a depth d which is below the DE junction comprising: 

a first mechanism for preheating the patient's skin to raise the selected volume to 
selected temperature while not heating any portion of the skin to a temperature sufficient to 
thennal damage thereto; 

a second mechanism for cooling the patient's epidermis above said selected volume to 
a temperature below normal body temperature without resulting in any appreciable cooling of 
said selected volume; and 

a third mechanism for applying electromagnetic radiation to said selected volume through 
said cooled epidermis, the radiation being of a wavelength, energy and duration sufficient, in 
conjunction with the preheating, to effect thermal damage to at least a selected biological 
component within said selected volume without causing thermal damage to the cooled epidermis. 



ma 



27. Apparatus as claimed in claim 26 including at least one thermal element operable L 
heating or cooling mode, said at least one thermal element forming part of said first mechanism 
and said second mechanism. 



28. Apparatus as claimed in claim 27 wherein said at least one thermal element is at least 
thermoelectric element. 
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29. Apparatus as claimed in claim 26 wherein said first mechanism includes a source of 
electromagnetic radiation at a selected wavelength and energy sufficient to cause heating of at 
least selected biological substances in said selected volume, but not sufficient to cause thermal 
damage to the patient's skin. , 

5 

30. Apparatus as claimed in claim 29 wherein said source of electromagnetic radiation is 
operable at controllable energy levels and is part of both said first and said third mechanisms at 
selected energy levels for each. 

10 31. Appai^asclaimedmclaim26 

and during operation of the third mechanism to protect the epidermis from thermal damage. 

32. A method for effecting a selected dennatologic treatment on an area of a patient's skin 
including the steps of: 

placing ahead having at least one optically transparent channel formed therethrough in 
contact with the patient's skin in said area, said at least one chaimel havmg a distal end m contact 
with a segment of the patient's skin which segment is smaller than said area, 

moving said head, while in contact with the patients skin, at a selected rate over said area, 



15 



and 



20 



applying CW radiation of a wavelength appropriate for the selected dermatologic 
treatment through the at least one channel to the patient's skin. 

33. A method as claimed in claim 32 including the step of utilizing the head to control the 
temperature of segments of thepatient's skin in the areaprior to each said segment being moved 
25 over by said at least one channel. 



30 



34. A method as claimed in claim 33 wherein said step of controlling temperature includes 
the step of heating each said segment to a temperature below that at which thermal damage 
occurs in the skin. 

35. A method as claimed in claim 33 wherein said step of controlling temperature includes 
the step of cooling each said segment 
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36. A method as claimed in claim 33 wherein said step of controlling temperature includes 
the steps of heating each said segment to a selected depth, and then performing epidermal cooling 
for the segment 

37. A method as claimed in claim 32 including the step of utilizing the head to cool each 
segment in said area after radiation has been applied thereto through said at least one channel. 

38. A method as claimed in claim 32 including the step of utilizing the head to cool each 
segment of the patient's skin as radiation is being applied thereto during said applying step. 

39. A method as claimed in claim 32 wherein said moving step includes the step of applying 
at least sufficient pressure to said head to assure at least one of good thermal and optical contact 



between skin-contacting surfaces of the head and the patient's skin in said 



area. 



15 40. A method as claimed in claim 32 wherein the surface of said head in contact with the 
patient's skin has a recess formed therein, and including the step of moving successive folds of 
the patient's skin into said recess as the recess passes thereover. 

41 . A method as claimed in claim 32 wherein said moving step includes the step of rolling 
20 said head over said area while maintaining contact therewith. 

42. A method as claimed in claim 32 including the step of measuring the rate at which said 
head is being moved over said area. 



25 43. A method as claimed in claim 32 including the steps of determining if thehead is moving 
over said area at a rate within a predetermined range, and providing a selected output in response 
to a determination that the head is moving at a rate outside of said range. 

44. A method as claimed in claim 32 including the steps of detennining if the head is moving 
30 at a rate which poses a danger of injury to the patient, and temunating the application of radiation 
through said at least one channel to the patient's skin in response to a danger-of-mjury indication 
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45. A method as claimed in claim 32 wherein the selected rate at which said head is moved 
over said area is fast enough so as to prevent significant thermal damage to the patient's skin, but 
slow enough so as to provide a sufficient dwell time over said area of the patient's skin to effect 
the selected dennatologic treatment. 

5 

46. A method as claimed in claim 32 wherein during said moving step, the head is moved 
substantially continuously at a substantially constant rate. 

47. A method for effecting a selected dennatologic treatment on a selected volume of a 
•0 patient's skin located at a depth d which is below the DE junction including the steps of: 

(a) preheating the patient's skin to raise the selected volume to a selected temperature 
while not heating any portion of the skin to a temperature sufficient to cause thermal damage 
thereto; 

(b) cooling the patient's epidermis above said selected volume to a temperature below 
15 normal body temperature without resulting in any appreciable cooling of said selected volume; 

and 

(c) applying electromagnetic radiation to said selected volume through said cooled 
epidermis, the radiation being of a wavelength, energy and duration sufficient, in conjunction 
with the preheating, to effect thermal damage to at least a selected biological component within 

20 said selected volume without causing thermal damage to the cooled epidermis. 

48 . A method a claimed in claim 47 wherein step (b) is performed both before and during step 
(c). 

25 49. Apparatus for effecting a selected dermatologic treatment on a selected volume of a 
patient's skin located at a depth d which is below the DE junction including: 

a first mechanism for preheating the patienf s skin to raise the selected volume to a 
selected temperature while not heating any portion of the skin to a temperature sufficient to cause 
thermal damage thereto; and 

30 a second mechanism for applying electromagnetic radiation to said selected volume, the 

radiation being of a wavelength, energy and duration sufficient, in conjunction with the 
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preheating, to efifect thermal damage to at least a selected biological component within said 
selected volume without causing significant thermal damage to surrounding tissue. 

50. . A head for use in apparatus for effecting a selected dermatologic treatment on an area of 
a patient's skin including: 

a block formed of a material having good thermal transfer properties, and a plurality of 
first optical waveguide elements and aplurality of second optical waveguide elements extending 
through said block, said first and second optical waveguide elements being angled at first and 
second angles respectively, which angles are selected so that light passing through the first and 
second optical waveguide elements converge at a selected depth, said optical waveguide elements 
having radiation applied thereto appropriate for the selected dermatologic treatment. 

51. A head as claimed in claim 50 wherein said selected depth is at a depth in the area under 
treatment at which the dermatological treatment is to occur. 

52. A head as claimed in claim 50 including a recess formed in a surface of the head in 
contact with the patienf s skin, said recess being at the distal end of said optical waveguide 
elements, said selected depth being at a selected location in said recess, and including means for 
moving skin in said area under treatment into said recess passes thereover. 

53. A head as claimed in claim 52 wherein said means for moving skin into said recess 
includes a source of negative pressure connected to said source. 

54. A head as claimed in claim 50 wherein said block has a skin contacting surface which 
retroreflects radiation leaving the patient's skin. 

55. A head as claimed in claim 50 including a mechanism for controlling the temperature of 
said block. 



56. A method for effecting a selected dermatologic treatment on a selected volume of a 
patient's skin located at a depth d which is below the DE junction including the steps of: 
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(a) preheating the patient's skin to raise the selected volume to a selected temperature 
while not heating any portion of the skin to a temperature sufficient to cause thermal damage 
thereto; 

(b) applying electromagnetic radiation to said selected volume, the radiation being of a 
wavelength, energy and duration sufficient, in conjunction with the preheating, to effect thermal 
damage to at least a selected biological component within said selected volume. 
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